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0 Corrugated paperboard automative liner. 

0 An automotive headliner comprised of a laminate 
of double corrugated paperboard. Perforations in all 
the sheets of the laminate except the back paper- 
board sheet improve the acoustical performance of 
the liner. A vapor barrier on the back sheet prevents 
entry of moisture into the laminate from the roof, and 
a layer of sound dampening material on the front 
face of the laminate improves the sound absorption 
of the laminate. The front corrugation is larger than 
the back corrugation. When molding the laminate it 
is first moisturized, then heat molded. Heat is ap- 
plied until the laminate has regained its rigidity. 
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CORRUGATED PAPERBOARD AUTOMOTIVE LINER 


Field of the Invention 


This invention relates to panels for lining the 
interior face of an automotive roof. More particu- 
larly, it relates to a self-supporting paperboard roof 
liner. 


Background of the invention 


The interior face of an automobile roof is com- 
monly covered or lined with material which 
presents an attractive appearance and also acts as 
a sound absorber. Molded fiber glass panels and 
foam liners are examples of such liners. Basically, 
these products adequately perform the functions 
for which they were designed, but they are too 
expensive to be installed in economy automobiles. 
The economy class requires a liner that is not only 
attractive and provides an acoustical function, but 
is also considerably less costly. 

One of the material designers usually consider 
when confronted with the need to produce an in- 
expensive shaped product is wood fiber. This is 
because wood fibers are readily available at rela- 
tively low prices and can be formed into various 
shapes by a variety of manufacturing techniques. 
Although the use of headliners formed from wood 
fibers is not new, previous attempts to make a 
product acceptable to today's market have failed. 
Hardboard liners, for example, have been manufac- 
tured from a wood fiber mat formed from an aque- 
ous fiber slurry. The mat included suitable resins to 
enable it to be densified and shaped under heat 
and pressure. The resulting product was too heavy, 
was difficult to mold, and had poor acoustical prop- 
erties. 

In efforts to make lighter liners and to reduce 
costs, attempts have been made to produce liners 
from other forms of wood fiber products. Kraft 
paper has been used to produce liners, as has 
corrugated paperboard formed from a corrugated 
medium sandwiched between two paperboard fac- 
ers. In general, however, the resulting products, 
unless modified severely, lack adequate sound ab- 
sorbing qualities and are difficult to form into the 
dished shape of a liner without cracking. 

An example of a headliner formed from cor- 
rugated paperboard is disclosed in U.S. Patent No. 
4,119.451. This patent describes a liner comprised 
of single corrugated paperboard which must be 
formed with notches in areas of sharp curvature. 
The width of the notches increases during molding 


to disperse molding stresses in order to avoid the 
formation of cracks. The patent is not concerned 
with the acoustical performance of the liner and 
does not suggest ways to increase the overall 

s strength of the liner through use of a laminate other 
than a single corrugated base paperboard sheet. 

Another example of a paperboard liner is dis- 
closed in U.S. Patent No. 4,131,702. The liner in 
this patent is encased in a foam layer on all sides 

10 in order to prevent loss of rigidity due to contact 
with moisture. No attempt was made to improve 
the acoustical performance of the liner apart from 
any acoustical benefit which may be provided by 
the foam material. Although a double corrugated 

75 liner is shown in the drawing, the description does 
not go into any details as to how the double layer 
is arranged with respect to the liner, nor does it 
comment on any of the parameters required of the 
double corrugated base member. It is clear from 

20 the disclosure of the patent that the paperboard 
unit, regardless of its construction, must be entirely 
encased in foam material. 

Obviously, it would be highly desirable to have 
an automotive headliner of attractive appearance 

25 which could be formed from wood fibers, which 
possesses the beneficial qualities of a headliner 
discussed above, and which need not be limited to 
the designs of prior art paperboard liners. 

30 

Summary of the Invention 


This invention provides a self-supporting panel 
35 comprising front, back and median paperboard 
sheets spaced from each other in substantially 
parallel relationship so that the distance between 
the front sheet and the median sheet is less than 
the distance between the median sheet and the 
40 back sheet. Corrugated paperboard mediums are 
located between the median sheet and the front 
and back sheets, and are adhered to the sheets, 
thus forming a double corrugated paperboard pan- 
el. This arrangement .is surprisingly strong. When 
45 the front and median sheets, as well as the cor- 
rugated mediums, are perforated, the panel exhib- 
its surprisingly good sound absorbing properties. 

Such a panel can be formed by first perforating 
the double corrugated paperboard laminate or pan- 
so el, then moisturizing the laminate to substantially 
soften the paperboard and reduce its rigidity. The 
laminate is then pressed into the desired form in a 
heated mold, following which the shaped laminate 
is dried to increase the rigidity and strength of the 
panel. 
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To prevent moisture frorrWPPietrating the pa- 
perboard through condensate from the metal roof 
of the automobile, a vapor barrier is provided on 
the back surface of the laminate. In addition, the 
front face of the laminate may be given a deco- s 
rative treatment, as by painting or covering it with a 
layer of fabric or foam-backed fabric. The layer of 
fabric or foam-backed fabric has the further advan- 
tage of dampening sound entering the liner. Certain 
types of paint, such as vinyl paints which are w 
rubbery in nature, also provide a dampening effect 
Other preferred parameters are discussed in more 
detail hereinafter. 

The liner of this invention is a highly functional 
item which surprisingly is strong enough to allow is 
other subassemblies of the automobile interior, 
such as, for example, interior lamps, visors, straps 
and hanger hooks, to be attached directly to the 
liner prior to installation of the liner. This results in 
significant labor savings since these separate items 20 
no longer have to be installed in separate individual 
steps. 

Other features and aspects of the invention, as 
well as other benefits of the invention, will readily 
be ascertained from the more detailed description 25 
of the invention which follows. 


Brief Description of the Drawings 
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FIG. 1 is a pictorial view of an automotive 
headliner formed in accordance with the present 
invention; 

FIG. 2 is an enlarged partial sectional view of 35 
the headliner taken on line 2-2 of FIG. 1 ; 

FIG. 3 is a plan view of the interior face of 
the portion of the headliner shown in FIG. 2; 

FIG. 4 is a view similar to that of FIG. 2, but 
showing a modification thereof; and 40 

FIG. 5 is a schematic view of the method of 
forming the headliner of the present invention. 


Description of the Preferred Embodiment 45 


Referring to FIG. 1, the headliner 10 of the 
present invention comprises a double corrugated 
paperboard laminate 12. The laminate is dished or 50 
concave to conform to the general shape of auto- 
motive headliners. the convex face being installed 
next to the roof of the automobile and the concave 
face being exposed to the interior of the auto- 
mobile. Perforations 14 can be seen in the interior 55 
face of the laminate. The headliner may be in- 
stalled by any of a variety of methods, generally 
utilizing clips or other attachment devices. Such 


attachment devicS^are not shown since they do 
not form part of the invention and since they are 
well known to those skilled in the art. 

As shown in FIG. 2, the double corrugated 
paperboard laminate is comprised of a front or 
exposed paperboard facer or sheet 16, a back 
paperboard sheet 18 and an intermediate or 
median paperboard sheet 20. A first corrugated 
paperboard medium 22 occupies the space be- 
tween the back and median sheets 18 and 20, and 
a second corrugated medium 25 occupies the 
space between the front and median sheets 16 and 
20. The corrugated mediums 22 and 24 are at- 
tached to the paperboard sheets at their corruga- 
tion peaks by suitable adhesive 26, such as starch. 
The double corrugated paperboard laminate de- 
scribed thus far can be fabricated from the individ- 
ual sheets and corrugated mediums or can be 
purchased ready-made from a paperboard manu- 
facturer as desired. It will be understood that the 
components from which the laminate is fabricated, 
or the ready-made laminate itself, would be fiat. 

the corrugated medium 22 has larger individual 
corrugations or flutes than the corrugated medium 
24, causing the distance between the median sheet 
20 and the back sheet 18 to be greater than the 
distance between the median sheet and the front 
sheet 16. Although the corrugated mediums impart 
strength and rigidity to the assembly, it is not 
necessary that they be formed of - paperboard 
which is as heavy as the paperboard used to make 
the front and back sheets. For example, in a pre- 
ferred arrangement, the front back and median 
sheets were comprised of paperboard weighing 69 
pounds per 1000 square feet, while the corrugated 
mediums were comprised of paperboard weighing 
only 42 pounds per 1000 square feet. 

Still referring to Fig. 2, a vapor barrier film 27 
is laminated to the outer surface of the back sheet 
18 to prevent condensation from the metal auto- 
mobile roof from penetrating the paperboard liner. 
Any suitable vapor barrier material can be used, 
such as a polypropylene or polyethylene film. Re- 
ferring also to FIG. 3, the front sheet 16 contains a 
series of closely spaced small diameter perfora- 
tions 14 which extend through the corrugated me- 
dium 24, the median sheet 20 and the corrugated 
medium 22 as perforations 30. 32 and 34, respec- 
tively. As illustrated, the perforations 14, 30, 32 and 
34 are aligned as a result of perforating these 
elements in a single perforating operation. Prefer-' 
ably, the back sheet 18 would not be perforated in 
order not to penetrate the vapor barrier 27. Al- 
though it is possible to perforate the back sheet if 
the vapor barrier film is laminated to the paper- 
board after the perforating step has been carried 
out. it is preferred that the back sheet not be 
perforated in order to avoid the risk of the film 
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tearing at the unsupported area of an underlying 
perforation. 

The perforations should be relatively closely 
spaced and should be small enough to adequately 
admit sound but not so large as to weaken the 
laminate. Perforations having a diameter of 1 mm 
and being spaced apart about 1/2 inch on center 
have been found to be an effective arrangement. 
While perforations in thick fibrous bodies such as 
relatively dense fibrous acoustical panels are 
known to substantially reduce noise levels, it was 
surprising to find the degree of effectiveness exhib- 
ited by the perforated double corrugated liner of 
the present invention. When tested according to 
the procedures of ASTM C-423 a sample of paper- 
board laminate constructed and dimensioned as 
described above had an NRC value of 0.35. This is 
equivalent to the NRC value of a typical molded 
fiber glass headlines having a density of 4 pcf and 
a thickness of 0.5 inch, which has a reputation of 
having excellent sound absorbing qualities. The 
perforations allow the sound waves to penetrate the 
paperboard and apparently to be absorbed in both 
the paperboard itself and in the cavities surround- 
ing the corrugations of the laminate to an unex- 
pected degree of efficiency. 

Stili referring to FIG. 2, the outer surface of the 
front sheet 16 would normally be coated to give the 
laminate a more decorative appearance, such as 
by the coating of paint 36. As stated above, paints 
which are rubbery in nature also act to somewhat 
deaden or dampen sound waves encountering the 
liner. The paint couid be sprayed on the laminate 
either before or after the perforating operation, but 
if it is applied after the laminate has been perfo- 
rated it should be controlled, as by the density of 
application or by its viscosity, to prevent the paint 
from clogging or significantly diminishing the size 
of the perforation in the front sheet 16. 

As shown in FIG. 4, a fabric 38 having a foam 
backing 40 can be used instead of paint as an 
outer covering for the front sheet 16 of the laminate 
12. The foam, which is of open cell structure such 
as, for example, open-cell polyether, more effec- 
tively dampens sound waves, and the fabric pro- 
vides the decorative appearance to the assembly. If 
desired, fabric alone may be used as the covering 
material, although this would not function as well 
acoustically as the combination fabric and foam 
layer. 

Referring to FIG. 5, the liner is formed by first 
introducing the laminate 12 to a perforating station 
42. The laminate rests on a support 44 while a 
perforating head is moved down toward it by any 
suitable means so that the pins 48 penetrate the 
laminate. As stated earlier, movement of the per- 
forating head preferably is controlled so that the 
pins do not extend into the back sheet of the 


laminate. At this point the vapor barrier film if 
present would be at the bottom of the laminate 
adjacent the support 44. It could instead be applied 
after the perforating operation as previously in- 

5 dicated. 

After the laminate has been perforated it is 
subjected to a moisturizing operation at the 
moisturizing station 50. This may simply be a hu- 
midity chamber or a steam chamber, in any event 

w the laminate remains in the chamber until it has 
been softened to the point where it can readily be 
molded into the final desired shape. By way of 
example, exposure to high humidity for 20 minutes 
was found to amply soften the paperboard material. 

75 This time can be reduced by using a steam cham- 
ber instead. 

The softened laminate is then inserted in a 
mold comprised of male and female members 52 
and 54, respectively. Both mold members contain 
20 heating units 56, such as electrical heaters or hot 
water lines, to maintain the press surfaces at a 
predetermined temperature. This may vary with the 
desired shape of the liner, the rigidity of the lami- 
nate when introduced into the mold and the con- 
25 struction details of the laminate. It has been found, 
however, that when the temperature of the mold is 
in the range of about 325* F to 360* F the 
molding operation proceeded with optimum results, 
requiring about 15 to 60 seconds depending on 
30 conditions. Generally, the higher the heat the shor- 
ter the molding operation. If the heat of the press 
mold and the length of time the laminate is in the 
mold are found to be enough to drive out a suffi- 
cient amount of moisture to restore adequate rigid- 
35 ity to the paperboard, the fabrication operation is at 
an end. if more rigidity is required the laminate can 
be further heated in a heating station 58 after 
removal from the mold. 

It was found that a double corrugated liner is 
40 required because a liner comprised of only a single 
corrugated layer tends to wrinkle as a result of the 
molding operation and does not have the acoustical 
and strength characteristics required of the finished 
liner. It has also been found that the smaller cor- 
45 rugated medium should be adjacent the interior 
face of the liner, or in other words should cor- 
respond to the concave face of the liner in order for 
the molding operation to proceed without danger of 
cracking. The larger corrugated medium is needed 
so for the strength and rigidity it contributes to the 
liner, but because of its lesser ability to be molded 
without wrinkling is placed on the convex side of 
the liner which is not as sharply curved during 
molding. In a preferred arrangement, for the overall 
55 ability of the laminate to be molded and for the 
strength and acoustical benefits provided, the outer 
or larger corrugated medium is comprised of a C 
flute, which is 140 mils thick and contains 39 flutes 
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per foot, and the inner or srTHWer corrugated me- 
dium is comprised of a B flute, which is 120 mils 
thick and contains 50 flutes per foot. The paper- 
board industry also makes available A flutes, which 
are 190 mils thick and contain 36 flutes per foot s 
and E flutes, which are 40-70 mils thick and con- 
tain 80-120 flutes per foot Because of the different 
requirements of the outer and inner corrugated 
mediums, C flutes or A flutes would be used as the 
outer or larger corrugated mediums, while B flutes 10 
or E flutes would be used as the inner or smaller 
corrugated mediums. 

In tests run to determine the strength of the 
laminate. 3" by 12" samples having a thickness of 
0.286 H were prepared from corrugated mediums rs 
comprised of C and A flutes and supported across 
a 10" span while being subjected to loading by a 
crosshead moving at a speed of 0.2" per minute. 
The tests were performed in both the corrugated 
direction of the samples and the cross-corrugated 20 
direction. For the corrugated direction, the average 
fiexural load withstood was 14.2 pounds and the 
average modulus of rupture was 870 psi. For the 
cross-corrugated direction, the average fiexural 
load was 13.2 pounds and the average modulus of 25 
rupture was 805 psi. In both cases the results are 
well beyond the minimum required strength re- 
quirements. 

It should now be understood after reading the 
foregoing description that the invention is not nec- 30 
essarily limited to all the specific details described, 
but that changes to certain features of the preferred 
embodiment which do not affect the overall basic 
function and concept of the invention, may be 
made by those skilled in the art without departing 35 
from the spirit and scope of the invention, as de- 
fined in the appended claims. 


Claims *o 

1. A self-supporting panel for lining the interior 
face of an automotive roof, comprising: 

front, back and median paperboard sheets spaced 
from each other in substantially parallel relation- 45 
ship, the distance between the front sheet and the 
median sheet is less than the distance between the 
median sheet and the back sheet; 
corrugated paperboard mediums located between 
the median sheet and the front and back sheets 50 
and being adhered thereto; and 
the front and median sheets and the corrugated 
mediums containing a plurality of relatively small 
diameter perforations for improving the sound ab- 
sorption of the panel. 55 

2. A panel according to claim 1, including a 
vapor barrier on the outer face of the back paper- 
board sheet. 
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3. A panel ^Bcbrding to claim 1, including a 
layer of sound dampening material on the outer 
face of the front paperboard sheet. 

4. A panel according to claim 3, wherein the 
layer of sound dampening material comprises a 
coating of paint, the perforations in the front sheet 
being exposed throughout the coating of paint. 

5. A panel according to claim 3, wherein the 
layer of sound dampening material comprises a 
sheet of fabric covering the perforations. 

6. A panel according to claim 5, wherein the 
layer of sound dampening material further includes 
a layer of open-cell foam between the fabric and 
the front paperboard sheet. 

7. A panel according to claim 1, wherein the 
perforations in the front and median sheets and in 
the corrugated mediums are aligned with each oth- 
er. 

8. A panel according to claim 7, wherein the 
size of the perforations is in the general order of 1 
mm in diameter. 

9. A method of forming a self-supporting panel 
for lining the interior face of an automotive roof, 
comprising the steps of: 

providing a paperboard laminate comprising front, 
back and median paperboard sheets spaced from 
each other in substantially parallel relationship, the 
distance between the front and median sheets be- 
ing less than the distance between the median and 
back sheets, and further comprising corrugated pa- 
perboard mediums located between the median 
sheet and the front and back sheets and being 
adhered thereto; 

forming relatively small diameter perforations in the 
front and median sheets and in the corrugated 
mediums to improve the sound absorption of the 
paperboard laminate; 

moisturizing the paperboard laminate to substan- 
tially soften and reduce the rigidity thereof; 
pressing the laminate in a heated mold to shape 
the laminate into a nonplanar configuration; and 
drying the laminate to increase the rigidity of the 
laminate. 

1 0. A method of forming a self-supporting pan- 
el according to claim 9, including the step of adher- 
ing a vapor barrier to the outer face of the back 
paperboard sheet. 
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© Corrugated paperboard automative liner. 

© An automotive headiiner comprised of a laminate 
of double corrugated paperboard. Perforations in all 
the sheets of the laminate except the back paper- 
board sheet improve the acoustical performance of 
the finer. A vapor barrier (27) on the back sheet (18) 
prevents entry of moisture into the laminate from the 
roof, and a layer of sound dampening material (36) 


on the front face of the laminate improves the sound 
absorption of the laminate. The front corrugation (22) 
is larger than the back corrugation (24). When mold- 
ing the laminate it is first moisturized, then heat 
molded. Heat is applied until the laminate has re- 
gained its rigidity. 
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Motors, gelegene -^^^rchgehend mit an sich be- 
kannten Absorptiof^rochern 11 von z. B. 5 mm 
Durchmesser und 10 mm Abstand versehen ist. Die 
Hartfaserplatten 9, 10 von je etwa 2 mm Starke um- 
schlieBen eine etwa 15 mm dicke Schicht Glaswatte 5 
(Glasfasermatte) 12, z. B. Aerocor. Urn die Rander 
der Platten 9, 10 ist ein weiches, durch sein Material 
und seine Form elastisches EinfaBprofil 13 aus weich- 
gestelltem PVC-Mischpolymerisat von z. B. 70 Shore- 
Harte gelegt, das die Dampfungsplatte 2, 3, 4 als io 
Ganzes federnd zusammenhalt und gleichzeitig gegen 
Wasser- und Feuchtigkeitseintritt abdichtet. Das im 
Querschnitt schlangenformige Profil 13 ist so an- 
gebracht, dafi sein im Querschnitt U-formiger Mit- 
teilteill3a lose zwischen den beiden Hartfaserplat- 15 
ten 9, 10 liegt und die Schenkelenden 13 b des 
U um die Kanten der Platten herumgebogen dicht 
unterhalb der Kanten auf den Innen- und AuBen- 
seiten der Platten — nach Aufstreichen von PVC- 
Losung als SchweiBkleber — im Hochfrequenz- ao 
verfahren aufgeschweiBt sind (Fig. 5). Die Form- 
gebung und Anbringung des EinfaBprofils 13 in Ver- 
bindung mit der Halterung der Schalldampfungs- 
platten2, 3, 4 in den Blechkammern 5, welche die 
Platten 1, 2, 3 ohne wesentliche Pressung und »5 
Spannung umfassen, gestattet ein freies Schwingen 
der Hartfaserplatten 9, 10 zueinander und gewahr- 
leistet eine wirksame Dampfung. Fur den ZufluB der 
Luft aus den Schachten6 zum Vergaser und dem 
Kiihlgeblase des Motors sind in den beiden Seiten- 30 
platten 2, 4 Durchstromlocher 14 von etwa 30 mm 
Durchmesser vorgesehen. Die rechte seitliche Platte 4 
besteht auBerdem aus zwei scharnierartig bzw. an der 
Trennfuge durch Schrauben, Scheiben und Fliigel- 
muttern miteinander verbundenen Einzelplatten 4 a, 35 
4 b, so daB man durch Zuriickklappen oder Heraus- 
nehmen des Plattenteiles 4 b an die Batterie 8 ge- 
langen kann. 
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Patentanspriiche: 


1. Schalldampfungsplatte, die aus einer von 
zwei Einzelwanden, z. B. Hartfaserplatten, einge- 
faBten Glasfasermatte besteht, insbesondere fiir 
den Motorraum eines Kraftfahrzeuges, gekenn- 
zeichnet durch ein die Rander der Wandc 
(9, 10) umfassendes, abdichtendes Profil (13), das 
durch die Nachgiebigkeit seines Werkstoffs, z. B. 
weiches PVC, eine federnde Bewegungsmoglich- 
keit der Einzelwande (9, 10) gegeneinander zu- 
laBt. 

2. Schalldampfungsplatte nach Anspruch 1, da- 
durch gekennzeichnet, daB das Einfassungsprofil 
(13) an den AuBenflachen und gegebenenfalls 
auch an den Innenflachen der Hartfaserplatten 
(9, 10) befestigt ist und auf der freien Lange 
zwischen den Platten mit Wellen oder Sicken ver- 
sehen bzw. im Querschnitt U-f6rmig (13 a, 13 b) 
gestaltet ist. 

3. Schalldampfungsplatte nach Anspruch 1 
und 2, gekennzeichnet durch die Anordnung von 
durch beide Wande (9, 10) und das Absorptions- 
material (12) hindurchgehenden Lochern (14) fiir 
die Zu- oder Abfiihrung von Luft, insbesondere 
Kiihl- und Verbrennungsluft fiir den Motor. 

4. Schalldampfungsplatte nach Anspruch 1 
bis 3, dadurch gekennzeichnet, daB das EinfaB- 
profil (13) mit den Hartfaserplatten (9, 10) unter 
Verwendung eines SchweiBWebers, z. B. PVC- 
Losung, durch HochfrequenzschweiBung verbun- 
den ist. 


In Betracht gezogene Druckschriften: 
Deutsche Patentschrift Nr. 726 123; 
deutsche Gebrauchsmuster Nr. 1 692 600, 
805 461; 

franzosische Patentschrift Nr. 1 131 241. 
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